Abstract 3,4-Enynoindoles undergo metathesis reactions leading to structures related to alkaloids. The formation of an unexpected product is reported and discussed
Introduction
The use of the new ruthenium carbene complexes introduced by Grubbs as efficient catalysts for metathesis reactions 1 has led to a great increase in the synthetic applications of these processes.
New generations of catalysts have increased the scope of the reaction. 2 Following our ongoing program consisting of the use of aromatic enynes and dienes as starting materials for the synthesis of natural products, 3 we were interested in obtaining polycycloindoles 4 by metathesis reactions. In previously published results, some 3,4-enynoindoles were prepared in our group and gave smoothly the desired 1,3-dienes. 5 These compounds only reacted at high temperatures using second generation Grubbs catalyst 7. We herein report an anomalous result with one compound similar to those used in our previous report that gives an un-precedent product in metathesis catalysed by ruthenium carbene complexes.
Results and Discussion
The synthesis of the starting material was carried out following our reported procedure which is an extension of previous works by Iwao. 5 Thus, protected gramine 1 was lithiated at the 4 position. This lithiation is directed by the tertiary amine group. The 4-lithioindole derivative was treated in situ with acrolein giving 2, with good yield. This intermediate was protected as TBDMS derivative and transformed into the corresponding ammonium salt 3. The reaction of this salt with ethynyl magnesiumchloride gave the enynoindole 4 (Scheme 1).
Scheme 1. Synthesis of enynoindole 4.
This compound was submitted to metathesis reactions under several conditions. As first generation ruthenium catalysts decomposes at high temperatures, complex 7 was added slowly to a 40 o C solution of 4 obtaining 5 in low yield (Scheme 2). However, this compound could not be fully characterized as it decomposed in few minutes.
Scheme 2. Metathesis reactions of 4.
When adding catalyst 7 to a refluxing toluene solution of 4 we obtained only one reaction product without recovery of any starting material. The structure of this compound was unambiguously assigned to compound 6. This is the first time a compound with this structure is obtained in an enyne metathesis. The enyne metathesis is thought to proceed by coordination of the ruthenium with the double bond followed by cycloreversion and metathesis with the triple bond. There is some controversy on which is the bond that coordinates first with the Ruthenium and Mori has described some products that are compatible with a course of reaction implying an yne-ene pathway. 6 Nevertheless, we and others have seen by NMR studies of other enyne metathesis, that some signals of new carbenic species compatible with an ene-yne pathway are observed during the reactions with first generation catalyst. 7 This prompts us to think that the formation of a compound like 6 is possible through coordination with the double bond, formation of the metalacyclobutene A and isomerization into B, involving an hydride abstraction. This intermediate evolves into the carbene C which finally gives 6 upon reaction with another molecule of the starting material. This process only occurs at high temperatures. In the case of compound 8, as the presence of the methyl group inhibits the isomerization of the metalacyclobutene, this intermediate follows the general metathesis pathway onto D, which finally gives the expected enyne metathesis product 9, as we have reported before (Scheme 3). Scheme 3. Possible reaction pathway for the formation of 6.
In order to get more information on this metathesis reaction, we proceeded to follow it by 1 H NMR. The reaction was carried out with 25% catalyst in 0.025 M solution of starting material at 40 o C and in xylene-d 10 . We registered a proton spectrum every 15 minutes as depicted in Figure   1 . The ruthenium complex is partially transformed into a new complex. Nevertheless at this temperature the product being formed is 5 instead of 6. It seems this temperature is not enough to promote isomerization of the metalacyclobutene. Our efforts to monitor this reaction at higher temperatures gave sluggish spectra that we could not analyse (Figure 1 ). 
Conclusions
In conclusion, we show here an anomalous result in enyne metathesis reactions catalysed by ruthenium complexes. We are currently investigating if this behaviour is extensible to other substrates.
Experimental Section
General Procedures. Thin layer chromatography (t.l.c.) was accomplished using Merck TLC aluminium sheets (silica gel 60 F 254 ). Flash column chromatography was carried out on Merck silica gel (230-400 mesh). The IR spectra were recorded on a Perkin Elmer 1330 spectrophotometer. 1 H and 13 C NMR spectra were recorded on Bruker AM-300 instrument in 
